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SYNTHESIS OF LUMINESCENT 
GOLD COMPOUNDS
La Coruña, April 2015
• Present in man's life since the earliest civilisations 
• It has occupied an important place in the history of 
mankind for over 7 000 years
Both states (5d y 6s) are available for bonding. The closed sell (5d10) 
is no longer chemically inert and can interact with other gold centres. 
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LUMINESCENCE
·Nature of ligands L Au; LAu; L() 
·Geometry of the metallic centre
·Metal-metal interactions
The conjunction of more than one of these conditions makes the assignment 
more complicated
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Au-Au 3.032(1) Å
Au-Sb 2.605(1) - 2.617(1) Å
Sb-Au-Sb 118.0(1) – 121.3(1) Å
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0 = 10 s
Stokes’ shift = 12 200 cm-1
Suggest an important distortion
THREE-COORDINATE COMPLEXES
Metal centered phosphorescence (Jahn−Teller distortion toward a T-shape)
Ground state
Triplet excited
state
e
6pz
5dxy 5dx2-y2
6pz
5dx2-y2
5dxy
a2
Singlet MP2 (Exp) Triplet UMP2
2.943 (3.032) Au···Au 2.797
2.642 (2.606-2.618) Au-Sb 2.64, 2.61
119.8 (119.0-121.3) Sb-Au-Sb 152.5, 100.7; 116.9, 121.4
120º
160º
D3 symmetry
h
Theoretical calculations
Jahn-Teller distortion for only one of the gold(I) centers
Moderate Au-Au distance shortening
THREE-COORDINATE COMPLEXES
1 Au1-C1 2.051(2) Å
Au1-P1 2.5311(5) Å
Au1-P2 2.3681(6) Å
P1-Au1-P2 81.223(19)º
Interplanar Angle = 48.31º
4 Au1-C1 2.037(5) Å
Au1-P1 2.406(1) Å
Au1-P2 2.379(1) Å
P1-Au1-P2 81.223(19)º
Interplanar Angle = 82.24º
NHC = IPr (1), SIPr (2) (R = 2,4-(bis)-isopropylphenyl); IMes (3), SIMes (4) (R = mesityl)
Complex Medium (T [K]) Emission (nm) τo (μs) Φem (%)
1 solid (298, 77) 500, 500 16.2 34
2 solid (298, 77) 520, 530 21.8 99
3 solid (298, 77) 490, 495 13.4 45
4 solid (298, 77) 470, 480 15.8 65
NHC = IPr (1), IMes (3)
NHC = SIPr (2), SIMes (4)
HOMO         LUMO  
85.6675 Kcal/mol
HOMO         LUMO  
91.4720 Kcal/mol
Phosphorescence (LML′CT)
Very high quantum yield
Charge transfer transitions from nido-carborane (L)
to metal/ligand group “gold(I)−NHC ligand” (ML′)
Luminescence
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84 % N atoms coordinated to Au
Luminescence thermochroism, 2: blue (77K), yellow (RT).
Au-Au intra- and inter-molecular interactions
High quantum yields: 0.63 (1), 0.28 (2)
Potential polymer light-emitting diodes applications
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R = C6F5 (1), C6Cl5 (2)
GOLD-GOLD INTERACTIONS
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Q[AuR2]  +  AgClO4  +  L Au- QClO4
n
R = C6F5; L = OCMe2
Ag
Au Au
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L
Au-C 2.086(8), 2.092(7)
Ag-C 2.440(8), 2.506(8)
Au-Ag 2.782(1), 2.790(1)
Au-Au 3.167(1)
Ag-Ag 3.181(1)
GOLD-GOLD INTERACTIONS
[Au2Ag2(C6F5)4(OCMe2)2]
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Au Au
Ag
solution
Not emissive in solution,
suggesting the emission is a consequence of Au-Au interactions
Luminescence at different concentrations
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The band does not obey the Lambert-Beer law
Molecular aggregation in solution through gold-gold interactions
Au AuAu
5dz2
6pz
6pz
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Au
[Au2Ag2(C6F5)4(OCMe2)2]
Temperature
R = C6Cl5
- QPF6
Q[AuR2]  +  TlPF6
THF
Au
R
R
Au
R
R
Tl Tl Au
R
R
Au-Tl 2.972(1), 3.004(1) Å
Tl-Au-Tl 180.0º
Au-Tl-Au 180.0º
Not emissive in solution,
suggesting the emission is a consequence 
of the interactions between the metals
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crystals
powder
solid state, 293K
GOLD-THALLIUM INTERACTIONS
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132 a 135 a
DFT and TD-DFT theoretical calculations
127 a 135 a
A
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A
B
The more intense transitions are from [Au(C6Cl5) 2]- orbitals to metal 
centred (Au-Tl-Au-Tl) orbitals
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[Au(C6Cl5)(tht)]   + N AuX
Cl
Cl Cl
Cl
Cl
NX
CHARGE TRANSFER
X = MeO, Me, tBu, H, COOMe ó CN
X = Me X = CN
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 [Au(C6Cl5)(4-MeO-Py)]
 [Au(C6Cl5)(4-Me-Py)]
 [Au(C6Cl5)(4-
tBu-Py)]
 [Au(C6Cl5)(Py)]
 [Au(C6Cl5)(4-COOMe-Py)]
 [Au(C6Cl5)(4-CN-Py)]
Emission spectra of [Au(C6Cl5)(4-X-Py)]
[AuCl(PPh2py)]
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Au Au
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E
Au Au
pyPh2P PPh2py
PPh2py
+
EC(NH2)2Ag2O + NaBF4
E = S, Se
Se-Au 2.411(7)-2.456(6) Å
Au-Au 2.966(6)-3.369(1) Å
Au-Se-Au 75.68(3)-84.64(4)º
CHARGE TRANSFER, CHALCOGENIDES
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PPh2py
AgBF4 or AgOTf
+
O
Au-O 2.033- 2.075 Å
Au-Au 2.924-3.055 Å
Au-Auinter 2.995 Å
Au-Ag 2.863-2.947 Å
E = O, S, Se
CHARGE TRANSFER, CHALCOGENIDES
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[O(AuPPh2Py)3Ag]2+ [S(AuPPh2Py)3Ag]2+ [Se(AuPPh2Py)3Ag]2+
298 K 461 (7 s) 554 (3.5 s) 670 (1.6 s)
77 K 470 (49 s) 565 (5.8 s 696 (23.4 s)
LMMCT (ligand-metal-to-metal-charge-transfer)
Additional high energy shoulders (frozen CH2Cl2 solutions, 77K)
are assigned to arise from a metal-centered cluster-based transition
Luminescence
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[Cu(O2NO)(PPh3)2]
[Ag(PPh3)2]OTf
INTRA-LIGAND TRANSITIONS, ALKINYLS
AuPh3P
N
Au PPh3
Au
PPh3Ph3P
OTfN
[Au(PPh3)2]OTf
[Ag(PPh3)2]OTf
Au PPh3
Ag
PPh3Ph3P
OTfN
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N
Cu
Au···Cu    3.480, 3.540 Å
INTRA-LIGAND TRANSITIONS, ALKINYLS
[AuM(CCPh)(PPh3)3]OTf (M = Au, Ag)
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3IL(*)
mostly in the phenyl rings of PPh3
slightly perturbed by the metals
3IL(*)
3IL(*) and MLCT (Cu → py)
Au-Cu
Au2-Cu2
[AuCu(CCPh)(PPh3)3]+ and 
[Au2Cu2(CCpy)2(PPh3)4]2+
Luminescence
